Orthogonal electrocardiograms (Frank lead system) from 191 patients with pure mitral stenosis (MS) were compared to electrocardiograms from 510 normal patients and 296 patients with pulmonary emphysema (PE). All patients with MS underwent right heart catheterization; 121 patients underwent both left and right heart catheterization. Three hundred and thirty electrocardiographic measurements were obtained from each record and tested for their ability to distinguish mitral stenosis from normal. Two sets of diagnostic discriminators were selected: (1) 
THE SALIENT FEATURES of both the electrocardiogram (ECG) and vectorcardiogram (VCG) in patients with mitral stenosis have been previously described by a number of investigators.'1"0 In general, it is concluded that the usefulness of the ECG and VCG for the diagnosis and assessment of the severity of mitral stenosis remains modest. The cancellation of right ventricular forces by opposing left ventricular forces does not allow the ECG characteristics of right ventricular hypertrophy (RVH) to be manifest until the RVH is marked. This in part explains the lack of sensitivity of the standard ECG and VCG in detecting mild or moderate mitral stenosis (MS). It has been demonstrated previously that computer analysis of the orthogonal electrocardiogram can be used to enhance its diagnostic accuracy."-" Thus, the purpose of this investigation was to delineate, using computer techniques, the maximal capability of the orthogonal electrocardiogram for the recognition of mitral stenosis and for assessing the hemodynamic severity in a large series of patients.
Material and Methods
The records used in this investigation were obtained from patients admitted to seven Veterans Administration Hospitals. One hundred and ninety-one patients with pure MS and adequate corrected orthogonal electrocardiograms were selected for study. Patients having mitral regurgitation, aortic, tricuspid, or pulmonary valve disease, ischemic heart disease, chronic lung disease, pulmonary emboli, systemic hypertension, and ventricular conduction defects were excluded. All patients underwent right heart catheterization, and 121 patients underwent both left and right heart catheterization. Supine orthogonal ECGs were recorded on analog magnetic tape using the Frank lead system. '6 Chest electrodes were at the fourth intercostal space as recommended for the supine position.'7 Standardized recording techniques and equipment were the same at each participating institution to insure uniform records. Details of analog-to-digital data conversion and computer analysis have been reported previously."`A Control Data Corporation 3200 digital computer was used to obtain 330 scalar and vector measurements from each orthogonal ECG.
The patients with mitral stenosis were divided into three One hundred and ten electrocardiographic measurements on the P wave were computed for each record. The search for best discrimination was performed as described for the QRS. For P wave analysis, records were filtered to minimize noise problems which are common in patients with chronic lung disease due to overactivity of the respiratory muscles. The filter was a moving average type with standard digital techniques using 17 sample points. The frequency characteristics of the filter have been previously described."5 Results Table 1 shows the hemodynamic profile of the patients with mitral stenosis in sinus rhythm, in atrial fibrillation, and combined for all cases. Patients with atrial fibrillation were older, and had higher pulmonary pressures and smaller mitral valve areas; however, these differences were not statistically significant (Student's t-test for unpaired data, P = > .05). The maximum recognition rate for all cases was 48%.
Multivariate Analysis
The nine QRS variables with greatest discrimination power were used for multivariate analysis. To obtain an estimate on the relative contribution of each measurement to the separation of mitral stenosis from normal, the discriminant function coefficients were multiplied with the averaged means of the groups, and the products are listed in descending order of magnitude (table 3) . Holding false positives to 6% resulted in a recognition rate for mitral stenosis of 74% using the nine variables simultaneously. As observed in most previous studies on two-group classifications, the diagnostic information contained in the three leads appears to be exhausted when eight or nine measurements are used simultaneously, and additional measurements do not improve results. ' hand measurements and multivariate analysis was strongly related to mean pulmonary artery pressure; however, the improvement in recognition of MS using multivariate analysis was most striking in the lower two hemodynamic subgroups.
The ability of multivariate analysis to separate records of patients with mitral stenosis from those with pulmonary emphysema (PE) was tested using tracings from 296 cases of pulmonary emphysema previously reported.14 Separation between MS and PE yielded a 76% recognition rate using an equal error computation (error kept equal for both groups) ( tinguishing between two patient populations both of whom may exhibit varying degrees of RVH. Here the P wave criteria appear important.
Discussion
Selected ECG variables, easily measured by hand, were compared to the results obtained from multivariate analysis. The discrimination by cumulative use of hand measurements (table 2) improved as pulmonary artery pressures rose. In the high pressure subgroup (mean PAP > 40 mm Hg), use of four hand measurements resulted in a 77% recognition rate with 7% false positives. For the total sample, the hand measurements identified 44% of MS cases with 7% false positives. Multivariate analysis, using the nine best QRS variables simultaneously, resulted in significant improvement-in recognition rate for mitral stenosis showing 74% of mitral stenosis patients correctly classified when false positives were held at 6% (table  3) . The superior performance of multivariate techniques is demonstrable at each pulmonary artery pressure level and is shown by the performance scores (multivariate analysis = 84, hand measurements = 69) which take into account both the sensitivity and specificity of the classification methods.
Addition of P wave criteria significantly improved the separation of mitral stenosis from normal (table 6 ). The use of P criteria necessitated exclusion of patients with atrial fibrillation thus reducing the sample size and number of variables that could be used. Although the P criterion was the least significant of the five Comparison of Emphysema 
